The potential shelf life of packaged pasteurized milk was studied using a rapid impedance method. The results showed a high correlation between the shelf life of Fengxing and Xiang Man-lou pasteurized milks and between the detection time and the logarithm of colony-forming units per milliliter. The impedance detection time was measured after preliminary incubation at 30°C for 6 h for 100 and 200 mL milk samples, or at 37°C for 6 h for 100-400 mL milk samples for Fengxing pasteurized milk, and after 6 h preliminary incubation at 30°C for 300 and 400 mL milk samples or 6 h at 37°C for 100-400 mL milk samples for Xiang Man-lou pasteurized milk. Regressive equations were then constructed to predict the potential shelf life. Compared with the traditional method, the impedance method plus pre-incubation of milk at elevated temperatures (30 and 37°C) was rapid, accurate, and convenient. The entire estimation process was completed within 11-14 and 14-20 h for Fengxing and Xiang Man-lou pasteurized milks, respectively.
t present, the potential shelf life of packaged pasteurized milk is generally defined on the label of the package. It is offered by the producer and usually deduced from experimental data based on a long-time determination of potential shelf life by methods such as the Moseley keeping-quality test (1), preliminary incubation (2), direct epifluorescent filter technique (DEFT; 3), and the impedance method (4) .
The DEFT is highly technical and is seldom used in routine inspection. The Moseley keeping-quality test and simple preliminary incubation are in common use, but the former requires preliminary incubation at 7°C and takes 7 days; the latter requires 5 days. According to previous research (5), the prediction of shelf life by impedance was obtained quickly and the correlation coefficient was 0.88-0.92, whereas the correlation coefficient was 0.77 by the Moseley keeping-quality test based on the standard of flavor-related shelf life estimation (4) . The traditional impedance method requires 18 h preliminary incubation at 18°C, with the final prediction result obtained in 48 h. In order to predict the shelf life of pasteurized milk more rapidly and accurately, a rapid impedance method was studied by combining the impedance and preliminary incubation methods. 
Experimental

Samples
Preparation of Samples
(a) Storage of sample.-All the samples were stored at 4°C for inspection until spoilage. Samples were analyzed daily before milk spoilage, and the first analysis date was marked as Day 0.
(b) Preliminary incubation of samples.-Before bacterial number and impedance detection were counted, samples were separated daily into 3 groups: no preliminary incubation; preliminary incubation at 30°C for 6 h; and preliminary incubation at 37°C for 6 h.
Test Procedure
(a) Counting bacterial numbers and impedance detection.-Prepared milk samples were subsampled daily for impedance detection and counting of bacteria by conventional plating analysis using plate count agar, incubated at 30°C for 48 h. Detection time of impedance shift was determined by the Bactometer system. Aliquots of 100-400 mL milk were placed onto 1.0 mL MPCA in the wells of a module. Average detection time of each sample was obtained from 2 determinations.
(b) Flavor determination of milk shelf life.-Prepared milk samples were subsampled daily for organoleptic evaluation in the field. One expert tasted the products daily while other experts tasted them intermittently. When a bad flavor was detected, at least 2 other experts confirmed it (2).
Statistical Analysis
The F test and c 2 test of statistical data were performed with SAS/STAT software. Correlativity was analyzed with EXCEL.
Results and Discussion
Relationship of Shelf Life and Bacterial Counts of Packaged Pasteurized Milk
All milk samples were stored in pasteurization packaging at 4°C and inspected daily from production to spoilage. Figure 1 shows the relationship of shelf life and the logarithm value of colony-forming units (CFU)/mL in packaged pasteurized milk.
Bacterial numbers in packaged pasteurized milk increased rapidly while shelf life decreased. The prediction equation was formulated to establish a system for categorizing potential shelf life of packaged pasteurized milk. The regression equation for the Xiang Man-lou and Fenxing are shelf life (in days) = 1.23 [LOG (CFU/mL)] 2 + 3.38 LOG (CFU/mL) + 9.17 (r 2 = 0.9373) and shelf life = 0.40 [LOG (CFU/mL)] 2 + 4.47 LOG (CFU/mL) + 12.75 (r 2 = 0.94), respectively. The results indicated a high correlation between LOG (CFU/mL) and shelf life. Previous research (4, 6) showed a close relationship between detection time (DT) and LOG (CFU/mL); therefore, the shelf life of packaged pasteurized milk was estimated by determining DT by the impedance method.
The Bactometer could not generate DT in 24 h when module temperature was 30°C and packaged pasteurized milk was not treated with preliminary incubation. With module temperature at 37°C, as in previous research (7), some DT was obtained in 24 h, but data were ruleless (Figure 2 ). Therefore, in successive studies, the module temperature was kept at 37°C. Furthermore, in order to increase bacterial numbers in milk samples for DT determination, sample volume and preliminary incubations were increased.
The 3 treatments were as follows: no preliminary incubation, preliminary incubation at 30°C for 6 h, and preliminary incubation at 37°C for 6 h; sample volumes were set at 100, 200, 300, and 400 mL. The effects of sample volume and preliminary incubation on potential shelf life determination of Xiang Man-lou and Fengxing packaged pasteurized milk were studied (Figure 3) .
For Xiang Man-lou packaged pasteurized milk, some DT could not be obtained in 24 h when sample volumes were 100, 200, 300, and 400 mL and packaged pasteurized milk was not treated with preliminary incubation ( Figure 3A) . Moreover, the trend of available DT was ruleless and not suitable for predicting the shelf life. Similarly, not all DT data were obtained in 24 h when sample volumes were 100 or 200 mL and the packaged pasteurized milk was treated with preliminary incubation at 30°C for 6 h. When sample volumes were 300 or 400 mL and were treated with preliminary incubation at 30°C for 6 h and sample volumes were 100, 200, 300, and 400 mL and were treated with preliminary incubation at 37°C for 6 h, all DT data were obtained in 24 h (Figure 3B and C) . Table 1 shows the effects of different sample volumes and preliminary incubation on the prediction equation of shelf life for Xiang Man-lou milk. According to previous reports (8), the prediction equation could be used to estimate shelf life while the correlation coefficient was >0.85 (r 2 ³ 0.7225). Therefore, the prediction equation in Table 1 could apply to the estimation of the shelf life of Xiang Man-lou. For sample volumes of 300 or 400 mL with preliminary incubation at 30°C for 6 h and sample volumes of 100, 200, 300, and 400 mL with preliminary incubation at 37°C for 6 h, the cutoff levels of DT, which were considered the critical point of milk spoilage, were 6.36, 5.98, 5.37, 4.96, 4.86, and 4.64 h, respectively. Compared with previous reports of 48 h (5), plus 6 h preliminary incubation, the estimated results for shelf life of Xiang Man-lou milk were within 20 h. Furthermore, the estimated results were obtained in 12-14 h for spoiled milk, which is very useful for safeguarding human health. effects of different sample volumes and preliminary incubations on prediction equations for shelf life of Fengxing milk. For sample volumes of 100, 200, 300, and 400 mL treated with preliminary incubation at 30°C for 6 h and sample volumes of 100-400 mL treated with preliminary incubation at 37°C for 6 h, all detection time data were obtained in 24 h ( Figure 3A-C) . However, not all prediction equations in Table 2 could be applied to estimate the shelf life of Fengxing milk. The prediction equation from that sample volume was 100 or 200 mL treated with preliminary incubation at 30°C for 6 h, and sample volumes were 100, 200, 300, and 400 mL treated with preliminary incubation at 37°C for 6 h could be applied to estimate the shelf life of Fengxing milk, with cutoff of DT at 4.31, 4.02, 2.42, 2.50, 2.74, and 2.72 h, respectively. With preliminary incubation for 6 h, the results of shelf life of Fengxing milk were available within 11-14 h. Furthermore, the estimated results could be obtained in 9-11 h for spoiled Fengxing milk.
Method Validation Test
The validation results of Xiang Man-lou milk are shown in Table 3 . Estimated results of each test were compared with the real shelf life by c 2 test. The c 2 value of each test was lower than c 2 0.05,3 , and the difference between estimated result and real shelf life was considered insignificant at >0.05.
The validation test of Fengxing milk was also studied (Table 4). Estimated results of each test were compared with the real shelf life by c 2 test. The c 2 value of each test was lower than c 2 0.05,3 , and the difference between estimated result and real shelf life was considered insignificant at >0.05.
Conclusions
This study describes a simple, accurate, rapid shelf life procedure that uses the Bactometer and allows a dairy processor to accurately predict the potential shelf life of a packaged pasteurized milk sample. The method is simple, requiring incubation of the packaged pasteurized milk at 30 or 37°C for 6 h before the sample is placed into the Bactometer. The Bactometer generates accurate detection time with a correlation to shelf life of >0.85. Test results are available in 14-20 h (9) . Because of the quick detection time, milk spoilage can be determined rapidly.
The availability of our method to trace the metabolic activity of spoilage microorganisms provides us with a powerful tool to predict shelf life of packaged pasteurized milk. In the dairy industry, post-pasteurization contamination can greatly reduce the shelf life of refrigerated products if not carefully controlled. The method described here can be used to rapidly predict the shelf life of packaged pasteurized milk on a large number of samples simultaneously without use of plate counts or organoleptic evaluations. 
